Four curcuminoid analogues, namely l,7-dianthryl-l,6-heptadiene-3,5-dione,Ia; l,7-bis(2-hydroxynapthyl)-l ,6-heptadiene-3,5-dione,l b; l,7-bis(4-hydroxy-3-methoxyphenyl)-l ,6-heptadiene-3,5-dione,lc; 1,7bis (4-methoxyphenyl)-l,6-heptadiene-3,5-dione,ld and their aluminium (III) complexes of ML 3 stoichiometry were synthesized and characterized by UV, IR, 'H NMR and mass spectral data. The compounds were investigated for their possible cytotoxic and antitumour activities. It was found that aluminium chelates are remarkably active compared to free curcuminoid analogues. All the compounds were found to be cytotoxic towards Ehrlich ascites carcinoma cells and cultured L929 cells. In the case of culture studies, concentrations needed for 50% cell death were around 4μg/ml for aluminium complexes and l(^g/ml for curcuminoid analogues. Aluminium complex of lb with hydroxyl group in the naphthyl ring was found to be most active towards L929cells (1 μg/ml produced 62.5±1.9% cell death). Compound la which is the unsubstituted analogue is found to be the least active compound towards increase in life span of tumour-bearing mice (percentage increase in life span is 29.5). Aluminium chelates of all curcuminoid analogues showed a significant reduction (P< .001) of solid tumour volume in mice.
INTRODUCTION
Free radical intermediates are produced in living systems from a number of sources such as the ionization of water by X-rays through metabolism, by triggered inflammatory phagocytes to reactive oxidants /I/ and due to the partial reduction of oxygen during oxidative phosphorylation 121. The resulting free radicals such as hydroxyl radical, as well as the non radical hydrogen peroxide, can damage macromolecules including DNA /3/. Powerful antioxidants originating from the edible and medicinal plants have been extensively investigated as important inhibitory materials for the prevention of oxidative deterioration.
Curcuminoids (1, 7-diaryl-l,6-heptadiene-3,5-diones), extracted from the rhizomes of the traditional
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MATERIALS AND METHODS
Cells
Ehrlich ascites carcinoma (EAC) cells were obtained from the Cancer Research Institute, Mumbai, India; Dalton's Lymphoma ascites (DLA) cells, from the Cancer Institute, Adayar, India and L929 cells from National facility for animal cell and tissue culture, Pune, India. EAC and DLA were maintained as ascites tumours in Swiss albino mice. L929 cells were maintained in culture using minimum essential medium (MEM) containing 10% goat serum and antibiotics.
Synthesis of the 1,7-diaryll,6-heptadiene-3,5-diones
The curcuminiod analogues were prepared by the condensation of aldehydes (anthracene-2-carbaldehyde, 2-hydroxynaphthaldehyde, vanillin and 4-methoxybenzaldehyde) with acetylacetone-boric oxide complex in ethyl acetate medium, in the presence of tributyl borate and n-butylamine as reported earlier /18/. The product was purified by column chromatography over silicagel (60-120 mesh), using 2:1 (v/v) chloroform:
acetone mixture as the eluant, and recrystallised twice from hot benzene to get pure crystalline material.
Preparation of aluminium complexes
A methanolic solution of aluminium nitrate A1(N0 3 ) 3 .9H 2 0 (25ml, .OOlmol) was added with stirring to a solution of diketone (25ml, .003mol) in methanol. The mixture was refluxed gently for ~1 hour. After reducing the volume to half, the solution was cooled to room temperature. The precipitated complex was filtered, washed with 1:1 methanol-water mixture and recrystallised from hot methanol.
Short-term cytotoxic assay
In vitro cytotoxic studies were carried out using the diketone and the aluminium (III) complexes. The tumour cells aspirated from the peritonial cavity of tumour-bearing mice were washed with PBS (phosphate buffered saline). The cell suspension (1 χ 10 6 cells in 0.1 ml) was added to tubes containing various concentrations (l-50μg/ml) of the compounds in a minimum quantity of DMSO and the volume was made up to 1 ml using PBS. The mixture was incubated for 3 hours at 37°C and the percentage of dead cells were evaluated by trypan blue dye exclusion method /19/.
Determination of cytotoxicity of compounds in tissue culture
L929 cells were used for tissue culture studies. The cells (5 χ 10 3 cells/well) were plated in 96-well flatbottom plates and incubated at 37°C in 5% C0 2 atmosphere. After 24 hours of incubation, various concentrations (l-10μg/ml) of compounds were added to the wells and incubated for a further period of 48 hours. After incubation the cells were stained with crystal violet and cytotoxicity was calculated by measuring optical density at 570 nm after eluting the dye from the cells.
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Determination of tumour reducing activity
Groups of Swiss albino mice (6nos./group) were injected intraperitonially (ip) with Ehrlich ascites tumour cells
(1 χ 10 6 cells/animal). The animals were injected (ip) with test compounds (20(^moles/kg body weight) suspended in gum accasia and the injections were continued for 10 days. The mortality rate of mice was noted in each group and the percentage increase in life span (% I LS) of the treated group was calculated using the formula %ILS = 100 (T-C)/C, where Τ is the mean survival time of treated mice and C is that of control, expressed in days.
Determination of the effect of compounds on solid tumour development
The effect of various compounds on solid tumour development was studied using Swiss albino mice.
Groups of mice (6nos./group) were injected subcutaneously with DLA cells (10 6 cells in 0.1 ml) in the right hind limbs. One group was kept as control and other groups were injected (ip) with test compounds ^ΟΟμηιοΙεβ/Κ^ body weight); the injections were continued for 10 days. Tumour diameter was measured every third day for one month and tumour volume calculated using the formula, V =4/3 π r, r 2 2 where η and r 2 are the minor and major radius respectively /19/.
Analytical Methods
Carbon and hydrogen percentages were determined by microanalysis (Heraeus Elemental analyzer) and metal contents by AAS (Perkin Elmer 2380). The electronic spectra of the compounds were recorded in methanol solutions (ΙΟ" 4 M) on a 1601 Shimadzu UV-Visible Spectrophotometer, IR spectra (KBr discs)
were obtained on a 8101 Shimadzu FTIR spectrophotometer. The 'H NMR spectra were recorded in CDCI 3 or DMSO-d 6 on a Varian 300 NMR spectrometer. The FAB Mass Spectra were recorded on a Jeol SX-102 mass spectrometer from CDRI Lucknow, India. Molar conductance of the complexes was determined in DMF at 28±1°C, using a solution of about 10" 3 Μ concentration.
RESULTS AND DISCUSSION
Structural characterization of the l,7-diaryl-l,6-heptadiene-3,5-diones
The analytical data of the 1,7-diarylheptanoids (la-d) given in Table I agree well with their formulation.
Further the FAB mass spectra of compounds show intense molecular ion (P+l) + peaks. Peaks due to elimination of O, OH", H 2 0, and C 3 H0 2 " species from the molecular ions are characteristic of the spectra (Table I) . Structure 1 of the compounds is clearly established from a comparison of the observed UV, IR
and 'H NMR spectral data (Table I ) with the reported spectral data /11/ of related compounds.
Thus the UV spectra of the compounds in methanol show two absorption maxima corresponding to n π* transition (376-408nm) and. 7r-»7i*transition (260-266nm). The IR spectra of compounds show a strong band at -1620cm" 1 , assignable to intramolecularly hydrogen-bonded carbonyl function (Table I) , and a broad band in the range 2600-3800cm"'. The absence of any band assignable to normal or α,β-unsaturated carbonyl group in the region 1640-1740cm"' of the spectra indicates that these compounds exist entirely in the enolic form/20/. 'H NMR spectra of all the compounds (Table 1) 
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Structural characterization of aluminium complexes
1,7-Diarylheptanoids form well defined crystalline complexes with Al 3+ ions and their elemental analytical and mass spectral data (Table II) clearly suggest their [ML 3 ] stoichiometry.
All the complexes behave as non-electrolytes (specific conductance <15Ω"'ατϊ' in DMF) and do not contain the nitrate ion of the aluminium nitrate used for their preparation. The spectral data of the complexes are in conformity with structure 2 of the metal complexes. In the IR spectra of metal chelates, the band due to intramolecularly hydrogen bonded carbonyl function of the ligand at -1620cm" 1 disappeared and instead a strong band assignable to the stretching of the coordinated carbonyl moiety /ll/ appeared at -1590cm"' (Table II) . Additional bands appear at ~470cm"' and ~420cm"' assignable to v(M-O) vibration /11/. The band Table II . 
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Cytotoxicity
The short term invitro cytotoxicity of curcuminoids and aluminium complexes are shown in Table III .
Among the compounds subjected to short term assay, lb with a hydroxyl group in naphthyl ring is found to be the most active compound (50% cell death at a concentration of ~ 6.0 μg/ml). la which possesses an unsubstituted anthracenyl ring system shows low antitumour activity (50% cell death at a concentration of 24μg/ml). Aluminium compounds are found to be more cytotoxic than the corresponding curcuminoid The results of the cytotoxicity of the 1,7-diarylheptanoids and their aluminium complexes towards cultured L929 cells, given in Table IV , also indicate that the aluminium chelates are more cytotoxic than the respective 1,7-diarylheptanoids. Compound la (15.9±1.5% cell death at ^g/ml concentration) is the least active compound and aluminium complex of lb (62.5±1.9% cell death at 1 μg/ml concentration) is the most active compound.
Effect of compounds on ascites tumour reduction
In Table V effects The results clearly reveal thatlb, with hydroxyl groups on the naphthyl rings, shows the maximum activity towards cytotoxicity on Ehrlich ascites cells (Table III) , cytotoxicity on cultured L929 cells (Table   IV) , percentage increase in life span (Table V) and reduction of solid tumour volume in mice (Fig.3 and Fig.4) . Among the compounds studied, la with anthryl rings showed least activity. However, it has been proven that aluminium complexation enhanced the activities in all the cases. 
Antitumor Studies of Aluminium Complexes Of Synthetic Curcuminoids
The present study suggests that complexation of the main group element aluminium significantly increases the cytotoxic and antitumour activities of compounds. The exceptional antitumour activity of lb may be due to the peculiar nature of the curcuminoid analogue, which can yield a phenolic structure upon metabolism, as well as the extension of conjugation due to the presence of naphthyl ring system /15,19, 24/.
